ChIP-sequencing experiments are routinely used to study genome-wide chromatin marks. Due to the high-cost and complexity associated with this technology, it is of great interest to investigate whether the low-cost option of microarray experiments can be used in combination with ChIP-seq experiments. Most integrative analyses do not consider important features of ChIP-seq data, such as spatial dependencies and ChIP-efficiencies. In this paper, we address these issues by applying a Markov random field model to ChIP-seq data on the protein Brd4, for which both ChIP-seq and microarray data are available on the same biological conditions. We investigate the correlation between the enrichment probabilities around transcription start sites, estimated by the Markov model, and microarray gene expression values. Our preliminary results suggest that binding of the protein is associated with lower gene expression, but differential binding across different conditions does not show an association with differential expression of the associated genes.
Introduction
The development and maintenance of any organism is regulated by a set of chemical reactions that switch specific loci of the genome off and on at strategic times and locations. Epigenetics is the study of these reactions that control gene expression levels and the factors that influence them. Although the relationship between epigenetics and phenotypes is not always straightforward, studying tissues of affected and unaffected subjects and maintaining the study prospective may help identify the differences between causal associations and non-causal associations [1] . DNA microarray and ChIP-seq technologies play a crucial role in understanding this relationship, by investigating structural and functional characteristics of genomes. DNA microarray technology, which enables measurement of the expression level of a large number of genes simultaneously, has been used in functional genomic studies, system biology, epigenetic research and so on. ChIP-seq, which is a comparatively new technology, has been used to describe the locations of histone post-translational modifications and DNA methylation genome-wide in many studies and to study alterations of chromatin structure which influence gene expression levels.
Next generation sequencing has undoubtedly several advantages over microarray experiments and it is often the choice for many studies. However, microarray experiments still have a place in bioinformatics, due to the cost-effectiveness and relative simplicity of this technique [2] . Hurd et al. [3] have predicted that in the near future, these two technologies may also complement each other and form a symbolic relationship. Integration of results from these two technologies might open new doors for epigenetic research.
Several attempts have been made to combine protein binding and mRNA expression data over the years. Markowetz et al. [4] have explored how histone acetylation around Transcription Start Sites (TSSs) correlates with gene expression data. In their study, ChIP-ChIP is used for measuring acetylation levels. Qin et al. and Guan et al. [5, 6] have proposed a web-based server to analyse interactions between transcription factors and their effect on gene expression, by using information on bound and non-bound regions. Other attempts have also been made to infer relationships between gene expression and histone modification where absolute tag counts around a feature, such as promoter, is considered. Hoang et al. [7] have shown how, incorporating the spatial distribution of enrichment in the analysis, can improve the result. In general, it is absolutely vital to measure the level of acetylation and probability of enrichment accurately in order to find possible relationships between ChIP-seq and gene expression data. There are several characteristics of ChIP-seq data that are needed to be considered while modelling such data before we attempt to combine it with gene expression data.
In a typical ChIP-seq experiment, an antibody is used in the immunoprecipitation step to isolate specific DNA fragments that are in direct physical contact with a protein of interest. Figure 1 [14] gives an overview of how ChIPseq technology works. Those fragments are called reads/tags. The reads are then mapped back to the reference genome and the resulting mapped reads are further analyzed to find out peaks or enriched regions where the protein in question is actually bound. It is common to divide the genome into fixed sized windows/bins and then summarize the counts per bin. Finally, a statistical model is used to detect the windows with a significant number of counts, that is the regions that are bound by the protein in question. While generating the data, some random DNA sequences are also collected with the bound sequences. These are usually scattered across the genome and form a background noise. Due to the particular antibody used and to the difficult protocol that each experiment needs to follow, it is common to observe varying background to signal ratios for different
